databases, using the search terms ((((((stroke) OR cerebrovascular disease) OR cardiovascular disease) OR cerebral hemorrhage) OR cerebral Background and Purpose-We conducted a meta-analysis to summarize evidence from prospective cohort studies about the association of fruits and vegetables consumption with the risk of stroke. Methods-Pertinent studies were identified by a search of Embase and PubMed databases to January 2014. Study-specific relative risks with 95% confidence intervals were pooled using a random-effects model. Dose-response relationship was assessed by restricted cubic spline. Results-Twenty prospective cohort studies were included, involving 16 981 stroke events among 760 629 participants.
D uring the past 4 decades, age-adjusted stroke incidence rate in high-income countries decreased by 42% (from 163 to 94 per 100 000 person-years), whereas the stroke incidence rate more than doubled (from 52-117 per 100 000 person-years) in low-to middle-income countries. 1 The rates of age-adjusted stroke mortality and disability-adjusted life years lost were also higher in low-income countries than in middle-income or high-income countries. 2 Stroke was also the leading causes of death in China in 2010 (1.7 million deaths). 3 Improving diet and lifestyle is critical for cardiovascular disease risk reduction in the general population. 3, 4 In particular, a diet rich in vegetables and fruits is highly recommended, because it meets the micronutrient, macronutrient, and fiber requirements without adding substantially to overall energy consumption. 4 However, the prevalence of low fruits and vegetables consumption is high worldwide, and especially in low-and middle-income countries. 5, 6 According to the bulletin of the World Health Organization, increasing individual fruits and vegetables consumption to ≥600 g per day could reduce the burden of ischemic stroke by 19% worldwide 7 and 10% to 15% among members of the European Union. 8 In recent years, many prospective cohort studies have been conducted to assess the effect of fruits and vegetables consumption on the risk of stroke, and both positive [9] [10] [11] [12] [13] [14] and negative [15] [16] [17] [18] [19] associations were found, and the magnitude of association (relative risk [RR] with 95% confidence interval [CI]) varied from 0.35 (0.13-0.96) 9 to 1.35 (0.92-1.97). 20 Results from the recent prospective cohort studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] have not been summarized with a meta-analysis, and the doseresponse relationship as well as the potential threshold effect of fruits and vegetables consumption on the risk of stroke is also unknown. 7 In addition, studies with relatively small number of participants might be underpowered to detect the effect, and even small health effects of fruits and vegetables consumption on the risk of stroke could have considerable public health consequences considering the popularity of fruits and vegetables consumption; thus, we conducted a meta-analysis to quantitatively assess the effect of fruits and vegetables consumption on the risk of stroke. infarction)) AND ((fruit*) OR vegetabl*), restricting to studies conducted in humans. We also used information of bibliographies from retrieved articles. For inclusion, studies had to fulfill the following criteria: a prospective cohort design; exposure of interest was fruits or vegetables; outcome of interest was stroke; and RR (95% CI) was provided. If multiple published reports from the same study cohort were available, we included the one with the largest number of cases.
Data Extraction
Data we collected included the name of first author, year of publication, geographic location, duration of follow-up, participants' age, sample size, number of cases, methods for the measurement of fruits and vegetables consumption, RR (95% CI) for the highest versus lowest fruits and vegetables consumption, and adjusted covariates. For dose-response analysis, the number of cases and participants (person-years) and RR (95% CI) for each category of fruits and vegetables consumption were also extracted. For each study, the median level of fruits and vegetables consumption for each category was assigned to each corresponding RR estimate. If upper boundary of the highest category was not provided, we assumed that the boundary had the same amplitude as the adjacent category.
Statistical Analysis
Study-specific logarithms of RR estimates were combined using a random-effects model, which considers both within-study and between-study variation. If the RRs for fruits and vegetables consumption were reported separately in a study, we first fist-pooled these 2 RRs and used the combined estimate for that study in the meta-analysis of total fruits and vegetables consumption and the risk of stroke. Statistical heterogeneity among studies was assessed using I 2 statistic, and I 2 values of 25%, 50%, and 75% represent low, moderate, and high heterogeneity, respectively. 22 We performed a sensitivity analysis in which 1 study at a time was removed and the rest analyzed to evaluate whether the results could have been affected markedly by a single study. Publication bias was evaluated with Egger regression test. Meta-regression and subgroup analysis were conducted to explore potential sources of heterogeneity and perform comparison between groups, and the P value from meta-regression was calculated with a permutation test of 1000 to control the spurious findings. Study quality was assessed using the 9-star Newcastle-Ottawa scale (http:// www.ohri.ca/programs/clinical_epidemiology/oxford.asp). The results for both sexes were included as 2 separate results if the total result was not reported within a cohort.
A 2-stage random-effects dose-response meta-analysis was performed to examine a potential nonlinear relationship. 23 Briefly, a restricted cubic spline model with 3 knots at percentiles 25%, 50%, and 75% of the distribution of fruits and vegetables consumption was estimated, and then the 2 regression coefficients (3 knots minus 1) and the variance/covariance matrix within each study were combined in a multivariate random-effects meta-analysis. The average serving was calculated as 77 g for vegetables and 80 g for fruits. 24 A P value for nonlinearity was calculated by testing the null hypothesis that the coefficient of the second spline is equal to 0. Stata 12.0 was used, and P<0.05 was considered statistically significant.
Results

Literature Search and Study Characteristics
The flow chart for study inclusion is shown in Figure I in the online-only Data Supplement. After excluding 5 casecontrol studies and 4 duplicate publications, 24 results from 20 prospective cohort studies 9-21,25-31 were included, because 2 results (male and female) were reported in 4 studies. 11, 16, 26, 29 Six studies were from the United States, 8 from Europe, and 6 from Asia (Japan and China). The mean duration of follow-up ranged from 3.09 to 37 years. Fruits and vegetables consumption were assessed with interviewer or self-administered food frequency questionnaire in all studies, except for 3 studies (24-hour recall, 31 dietary history method, 30 7-day household inventory). 21 Most of the studies adjusted for known risk factors of cardiovascular diseases such as smoking (but 1 study), 21 alcohol (but 3 studies), 13, 19, 21 blood pressure or hypertension (but 5 studies), 15, 17, 20, 21, 28 physical activity (but 4 studies), 17, 21, 26, 30 and body mass index (but 3 studies). 21, 28, 30 Two studies did not correct for age. 15, 27 The included studies met the quality score of 6 to 8 stars. Detailed information of included studies is shown in Table I in the online-only Data Supplement.
Quantitative Synthesis
The main results are summarized in the Table.
Total Fruits and Vegetables Consumption and Risk of Stroke
Highest versus lowest levels of total fruits and vegetables consumption were inversely associated with the risk of stroke (0.79 [0.75-0.84]; I 2 =16.6%; Figure 1 ), and the effect was 0.79 (0.74-0.83; I 2 =11.9%) after excluding the 2 studies 15,27 that did not correct for age. Borderline publication bias was found (P=0.05), and small-study effects 9, 11, 21 were found in the funnel plot ( Figure II in the online-only Data Supplement). After excluding 3 studies with small-study effects, no publication bias was found (P=0.77), and the re-estimated effect was 0.81 (0.77-0.84; I 2 =0.00%). Sensitivity analysis showed that the overall pooled estimate did not vary substantially with the exclusion of any 1 study ( Figure III in the online-only Data Supplement).
Fruits Consumption and Risk of Stroke
Highest versus lowest levels of fruits consumption were inversely associated with the risk of stroke (0.77 [0.71-0.84]; I 2 =52.3%; Figure IV in the online-only Data Supplement), and the effect was 0.76 (0.70-0.83; I 2 =46.2%) after excluding the 2 studies 15,27 that did not correct for age. However, publication bias was found (P=0.02), and small-study effects 11, 20, 21 were found in the funnel plot. After excluding these 3 studies, no publication bias was found (P=0.27), and the re-estimated effect was 0.80 (0.74-0.87; I 2 =45.4%). Sensitivity analysis showed that the overall pooled estimate did not vary substantially with the exclusion of any 1 study.
For dose-response analysis, data from 8 prospective cohort studies [10] [11] [12] 18, 19, 26, 27, 30 were used, including 9706 stroke cases. We found no evidence of statistically significant departure from linearity (P for nonlinearity=0.78), and the risk of 
Vegetables Consumption and Risk of Stroke
Highest versus lowest levels of vegetables consumption were inversely associated with the risk of stroke (0.86 [0.79-0.93]; I 2 =40.3%; Figure IV in the online-only Data Supplement), and no publication bias was found (P=0.78). The effect was 0.85 (0.78-0.93; I 2 =47.0%) after excluding the 2 studies 15,27 that did not correct for age. The small-study effects 21 were also detected in the funnel plot, and a similar result was found after excluding this single result (0.86 [0.80-0.93]; I 2 =33.7%). No individual study was found to have excessive influence on the pooled effect in sensitivity analysis. †P values for meta-regression, location where the study was conducted (United States as reference), quality score (6 stars as reference), and specific types of exposure (citrus fruits as reference) were included as dummy variables in meta-regression.
‡Both the results for incidence and mortality of stroke were reported in 1 study. 28
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For dose-response analysis, data from 6 prospective cohort studies 10, 12, 18, 26, 27, 30 were used, including 8854 stroke cases. We found no evidence of statistically significant departure from linearity (P for nonlinearity=0.62), and the risk of stroke decreased by 11% (0.89 [0.81-0.98]) for every 200 g per day increment in vegetables consumption. RR (95% CI) of stroke was 0.97 (0.95-1.00), 0.94 (0.87-1.01), 0.91 (0.81-1.01), 0.88 (0.77-0.01), 0.86 (0.74-1.00), 0.84 (0.71-1.01), and 0.80 (0.62-1.02) for 50, 100, 150, 200, 250, 300, and 400 g per day of vegetables consumption (Figure 3) .
Subgroup Analysis and Meta-Regression
As shown in the Table, the inverse association of fruits and vegetables consumption with the risk of stroke was consistent in subgroup analysis by stroke outcomes (incidence: 0.80 
Discussion
In this meta-analysis, fruits and vegetables consumption was found to be inversely associated with the risk of stroke, and this inverse association was consistent in subgroup analysis. In addition, a linear dose-response relationship showed that the risk of stroke decreased by 32% and 11% for every 200 g per day increment in fruits and vegetables consumption, respectively.
Several biological mechanisms might explain the inverse association. Both short-term controlled intervention trials and prospective cohort studies have shown that an increase in fruits and vegetables consumption can lower blood pressure and also improve microvascular function, 32, 33 and favorable effects on other cardiovascular risk factors, such as body mass index, waist circumference, total cholesterol and low-density lipoprotein-cholesterol, 34 inflammation, and oxidative stress, were also found. 35, 36 Higher fruits and vegetables consumption increases micronutrient, carbohydrate, and fiber intakes, and possibly reduces fat intake. 6 Nutrients such as potassium, 37, 38 folate, 39, 40 antioxidants (vitamin C, β-carotene, and flavonoids), 41, 42 and fiber 43 have been shown to be significantly associated with a reduced risk for stroke.
A previous meta-analysis, based on 8 prospective cohort studies including 4917 stroke cases, found that the RR of stroke was 0.89 (0.83-0.97) for those with 3 to 5 servings per day and 0.74 (0.69-0.79) for those with >5 servings per day. 24 Since then, 13 prospective cohort studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] were also included in this meta-analysis, and results from 1 cohort were also updated. 14 In addition, some issues arising from the inconsistent results of later studies still need to be confirmed, such as whether it is total fruits and vegetables intake that protects against cardiovascular disease, or fruit or vegetables alone, and whether the association is equally strong in both sexes, or is stronger in a particular subset of the population, 32 and levels of fruits and vegetables intake that give the greatest protection remain unknown. 7 This meta-analysis, based on 20 prospective cohort studies including 16 981 stroke cases, should provide a better understanding about fruits and vegetables consumption and the risk of stroke with subgroup analysis and dose-response analysis.
As shown in Figure 1 , inverse (significantly or not) association was found in all included studies, whereas stronger effects were found in 3 studies (0.35 9 ; male: 0.40, female: 0.47 11 ; 0.43). 21 A stronger effect was found in a cohort with type 2 diabetes mellitus (0.35), 9 between citrus fruit consumption and the risk of stroke (male: 0.40, female: 0.47), 11 and between childhood intake of fruits and vegetables consumption and the risk of stroke (0.43). 21 In this meta-analysis, a stronger risk estimate was also found for citrus fruit consumption than other categories, and for subjects aged ≤55 years than >55 years, although the differences were not significant. In addition, the possibility that younger people consume more fruit and vegetables and that their stroke risk is, therefore, lower and not because of the fruits and vegetables should also be considered. Whether the association of fruits and vegetables consumption with the risk of stroke is stronger among patients with diabetes mellitus still needs to be clarified. However, the abovementioned stronger effects might also be caused by the relatively small number of cases in the studies (small-study effect).
Although evidence from long-term randomized trials is ideal, these studies are difficult to implement on a practical basis, especially for an exposure such as fruits and vegetables consumption. Although observational studies cannot prove causality, results of our meta-analysis do meet several of the Hill criteria for causation 44 : (1) strength-the magnitude of this association is not negligible; (2) consistency-the inverse association was consistent in all subgroup analyses, and low between-study heterogeneity was found in most of the subgroup analyses; (3) temporality-results from prospective cohort studies consist of an appropriate temporal relationship, in which the exposure precedes the outcome; (4) biological gradient-the linear dose-response relationship meets with the biological gradient; (5) plausibility and coherence-there is theoretical biological plausibility for causality in that fruits and vegetables protect against the stroke. However, the evidence of experiment-Bradford Hill ultimate criteria for causation-that random allocation to fruits and vegetables realizes a reduction in the incidence of stroke compared with random allocation to placebo is lacking, and this randomized design, whereby participants are randomized to fruits and vegetables consumption or not, would also have minimized the residual confounding by failing to adjust for differences in the prevalence or level of unrecorded and, therefore, unmeasured important prognostic factors among participants who consumed and did not consume fruits and vegetables. Although these longterm randomized trials are difficult to implement, randomized trials have shown a beneficial effect of fruits and vegetables consumption on blood pressure, 45, 46 which is a major risk factor and the harbinger for stroke. 47, 48 In addition, plasma concentrations of antioxidant vitamins (α-carotene, β-carotene, lutein, β-cryptoxanthin, and ascorbic acid) increased more in the intervention group than in controls, 46 and dietary advice to increase fruits and vegetables consumption showed favorable effects on low-density lipoprotein-cholesterol in trials. 49 Dietary constituents are not consumed in isolation, 50, 51 and the existence of correlation and interaction between dietary constituents as well as with other healthy behaviors occurring in clusters such as physical activity and smoking may confound the diet-disease association. In this meta-analysis, we extracted the estimates of risk that reflected the greatest degree of control for potential confounders from the original studies, and the associations between fruits and vegetables intake and the risk of stroke were consistent in both direction and magnitude in the subgroup analysis by the number of adjusted confounders (≥6 of the 7 confounders: smoking, alcohol, blood pressure/hypertension, serum cholesterol, physical activity, body mass index, and ≥3 dietary variables, or <6 of the above-mentioned confounders). These findings generally indicated that the association of fruits and vegetables intake with the reduced risk of stroke may not be the result of confounding by other health habits. However, the benefit of fruits and vegetables in combination with other healthy behaviors may have a greater effect. The main characteristics and results of prospective cohort studies on healthy behaviors in clusters and the risk of stroke are shown in Tables II and III in 57 indicating an interaction between healthy behaviors.
Other limitations should also be considered. First, bias such as misclassification of exposure (fruits and vegetables), outcome (stroke), and confounding factors is one of the main threats to the validity of the results. Misclassification of fruits and vegetables consumption could be of concern, and some participants might change their dietary habits during follow-up. However, similar results were found in self-administered dietary assessment group and interview-administered group, and invalidation study showed that the food frequency questionnaire is a reasonable tool to assess intakes of fruits and vegetables. 58 In addition, nondifferential misclassification at baseline should have weakened the association. As shown in Table I in the online-only Data Supplement, all of the cases were ascertained by hospital records, death certificates, or interviewing their physicians, but the underlying cases of stroke might not be detected and might influence the results, which could be also influenced by the imprecise measurements of confounding factors. Second, although we extracted the RRs that reflected the greatest degree of control for potential confounders, the extent to which they were adjusted and residual confounding by other unmeasured factors, such as coffee 59 and dairy foods, 60 should be considered. Third, results of subgroup analysis by specific categories of vegetables and fruits were based on limited number of studies. Fourth, in a meta-analysis of published studies, publication bias could be of concern because small studies with null results tend not to be published. After excluding the studies leading to small-study effect in the funnel plot, no evidence of significant publication bias was found in this meta-analysis.
In summary, results from this meta-analysis support the hypothesis that consumption of vegetables and fruits could reduce the risk of stroke.
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